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Introduction
The Wengen Workshops on Global Change Research, currently overseen by the University of Geneva, Switzerland, were initiated in 1995 to address complex issues related to climate and environmental change from an international, cross-disciplinary point of view. These events bring together world-recognized experts from different backgrounds to present leading-edge research results, to discuss issues and solutions, and to pave the way for future research directions. These yearly Wengen Workshops have traditionally been held in the Swiss Alpine resort of the same name, in the early autumn.
Since 1995, meetings have broadly focused on global change, including climate change and other processes with global consequences, and especially in their implications for a range of environmental, social, economic and political issues (e.g., forest management and biomass burning; hydrology and water management; health; population migrations; the economic, social and cultural impacts of glacier melt; etc.). In addition, some targeted technical workshops have focused on topics such as carbon sinks as a means of addressing the commitments of governments to the Kyoto Protocol, or linking satellite data and climate models, and have helped to further our understanding of the intricacies of climate and its major components. Further information on these events can be found on the following web site: http://www.unige.ch/climate/Workshops/wengen.html. These meetings typically result in a peer-reviewed publication of the key papers presented at the meeting, which aims to convey the main conference findings to the scientific and policy communities, as appropriate.
The 13th Wengen Workshop focused on the issue of 'Climate Change and Desertification' and took place from 10 to 13 September 2007. It assembled some 50 scientists and experts in various fields, from climate to policy making and from remote sensing to livestock management. The goals of the workshop were to step back and review (1) where we are and what we have learned about desertification processes over the last three decades, (2) the current state of the art in this and related fields (monitoring, modelling, integration of natural and social sciences, historical background, etc), and (3) where we are heading, given the high likelihood of significant climate changes in the coming decades, with a view to recommend priorities for further research and monitoring activities in this broad interdisciplinary field. The participants also discussed the best ways to convey the main scientific findings to policy makers and actors on the ground, and, more generally, to promote a renewed and revived dialogue between the scientific community, UN organizations, governmental and nongovernmental organizations with an interest in desertification.
This Wengen workshop coincided with the 30th anniversary of the holding of the UN Conference on Desertification in Nairobi (UNCOD, September 1977) and took place just over 10 years after the entry into force of the UN Convention to Combat Desertification (UNCCD, December 1996). Desertification had also been investigated in depth during the Millennium Assessment (2001) (2002) (2003) (2004) (2005) , and the UN General Assembly declared 2006 to be the International Year of Deserts and Desertification (IYDD, Stringer, 2008) . These events attest that the issue has remained a nagging problem for decades, despite considerable Global and Planetary Change 64 (2008) [105] [106] [107] [108] [109] [110] efforts and investments in projects to address the problem; and climate change is likely to exacerbate the implications of desertification (MEA 2005) .
The workshop was structured around six sessions addressing both scientific and policy issues, from the points of view of monitoring and modelling, long term past and recent developments, degradation processes as well as research approaches and policy implications. The conference programme, the titles of the 15 posters exhibited during the meeting, a list of participants and the final report of the workshop are available from the meeting web site at http://www.unige.ch/ climate/Workshops/wengen07.html.
Key themes and main findings
This collection of papers assembles a variety of written contributions from participants at the workshop. This prefatory paper places those contributions in the broader context.
The workshop accepted the UN Convention on Combating Desertification definition of desertification as 'land degradation in drylands' (where drylands are defined as regions where the mean annual precipitation is less than 2/3 of the potential evaporative demand). It further accepted the Millennium Ecosystem Assessment (2005) elaboration of the meaning of 'degradation' as being a persistent loss of the sum of services delivered by the ecosystem.
The workshop participants endorsed the overall conceptual framework for the analysis of desertification, recently proposed by Reynolds et al. (2007) . This new approach, the Dryland Development Paradigm (DDP), offers a comprehensive, formal framework to investigate environmental and socio-economic problems in drylands in an interdisciplinary way. The DDP emphasises (i) the links between the human and environmental components of dryland issues; (ii) the identification of key slow variables that control these linked humanenvironment systems; (iii) the importance of managing the thresholds in these slow variables; (iv) the heterarchically nested structure of these systems, and (v) the critical importance of local environmental knowledge to keep human management decisions in tune with the functioning of the system. It remains to be exhaustively tested in practical situations but already provides a more structured context to cast issues and to evaluate possible solutions than the hodgepodge of largely disciplinary (if not sectarian) ideas and somewhat artificial or conflictual positions prevailing until then.
Aridity and the associated vagaries of climate variability have often been constraints on the development of human societies; they may even have fostered major technological advances such as agriculture, the invention of irrigation systems, or settlements. Entire civilizations have disappeared in the past for not being able to cope with externally driven climate changes, or because the land management which they practiced was unsustainable in the environments in which they occurred. Humanity may now be facing just such a challenge, but on a scale that has not been witnessed in historical times (Hughes and Diaz, 2008-this issue) .
Recent research into the net effect of sea surface temperature changes on atmospheric circulation patterns, exemplified by the El Niño and other oscillations, has shown that the bulk of the variability in precipitation levels in the Sudano-Sahelian region may be directly related to observed changes in water temperature in the Gulf of Guinea (Giannini et al., 2008-this issue) . This important finding forces a re-assessment of the ultimate causes of desertification. Formerly it was believed that desertification was largely a local (or at most, regional) phenomenon caused by locally inappropriate land management. The finding that, in this iconic case, a globally-driven process was more likely to be the key factor should stimulate the necessary debate on how, where and when to address desertification symptoms.
The validity of the conclusions drawn from climate model simulations has long been a focus of great interest, both in the scientific community and amongst users (or sceptics) of these results.
These models, though very detailed and nowadays much more complex than even a few years ago, still struggle to represent a number of important physical processes occurring at scales much finer than the intrinsic resolution of the models. They attempt to achieve this through parameterizations and simplifications, because of the practical and numerical difficulties of incorporating more processes and details (IPCC, 2007; Doherty et al., in press) . A comparison of the land surface parameterization schemes in a subset of such models uncovered a number of open issues that need to be addressed (Henderson-Sellers et al., 2008-this issue) if these models are to generate information that can be relied upon for policy making.
Our understanding of the processes that control climate and environmental systems results from the confrontation between explicit, formal representations of current knowledge and empirical evidence such as provided by observations and experiments. Measurements of the state of these systems serve to both investigate past evolutions and to set the stage for predictions (forecasts as well as educated scenarios). Significant progress has been accomplished in the last few years on the retrieval of essential climate variables (GCOS, 2004 ) from space-borne Earth Observation platforms. Govaerts and Lattanzio (2008-this issue) discuss specifically how remote sensing observations from the Meteosat family of geostationary satellites are being exploited to retrieve reliable estimates of land surface albedo over Africa, for an extended period of time. This geophysical variable is both an indicator of land degradation and a key factor controlling the energy balance of the climate system over continental areas.
Remote sensing products have long been used to characterize the degradation of land surfaces. Hill et al. (2008-this issue) discuss the use of traditional techniques to monitor desertification and land degradation in the Mediterranean region, taking a syndrome based approach to understanding the trajectories of different regions. Meanwhile Helldén and Töttrup (2008-this issue) apply such techniques in broad areas subject to desertification, from Senegal to Mongolia, building on the experience gained from a number of earlier projects that focused on this issue. One of the central issues debated on this occasion was the reality and probable persistence of a postulated 'greening-up' of the Sahelian region in recent years.
During the workshop, Gobron et al. (2005 Gobron et al. ( , 2007 had explained how innovative remote sensing products, such as the Fraction of Absorbed Photosynthetically Active Radiation (FAPAR), are currently derived from reflectance measurements in the solar spectral domain, and showed how deviations of this product from suitably defined spatial and temporal averages can be used to characterize the impact of drought events on the vegetation cover.
Many of the discussions that took place during the workshop revolved around the tools and techniques that could or should be deployed to document and better understand environmental degradation processes, and especially to better integrate the human aspects of desertification in a comprehensive, interdisciplinary framework. Helldén (2008-this issue) , for instance, described the design and exploitation of a conceptual model taking advantage of systems engineering methods (specifically using the STELLA modelling environment), to incorporate both the availability of natural resources and the impact of demographic pressure into a diagnostic as well as prognostic tool. These efforts may seem very crude in comparison with the extraordinary socio-economic, political or demographic complexity of modern societies, but they do constitute exciting first steps to explore new ways to interface natural and social sciences. Koch et al. (2008-this issue) used a rather different modelling approach but similarly addressed the issue of simulating the interaction between socio-economic forces and natural resources, this time in a grazing community in Jordan. One of the advantages of such models is that, to the extent they include correct representations of the key interactions, they allow investigations of multiple specific scenarios of population growth, climate changes and other constraints (such as availability of fodder, land use changes or the impact of taxation) as well as an estimation of the future evolution of the entire system over periods of multiple years or decades.
Islands are interesting environments to study, because their natural isolation and (often) restricted size limit the number of processes that may be required to explain an observed evolution. Olehowski et al. (2008-this issue) investigated the vulnerability of Fogo Island (Cape Verde) to stresses such as highly variable precipitation, population increase, agricultural expansion and tourism. Remote sensing, geographical information systems and geostatistical methods are combined to analyse the available data and generate a web of information layers on which to base further studies as well as development decisions.
The integration of the biophysical and socio-economic dimensions of land degradation is taken a step further by Lorent et al. (2008-this issue) who evaluated, through surveys of the concerned population, the effect of subsidies on the profitability of traditional agricultural activities in Greece, and combined these findings with spatiallyexplicit biophysical information derived from remote sensing. Much remains to be done to develop methodological tools and procedures to usefully integrate data that may be qualitative in nature or not explicitly geo-referenced into a common framework that can also accommodate environmental descriptors, but this project hints at the potential to develop local typologies of social responses.
A further example of integrating the biophysical and socioeconomic domains is provided by the study of Mbow et al. (2008-this issue) , who analyse historical environmental changes in eastern Saloum-Senegal, the drivers and local perceptions of these changes and the adaptation pathways of the affected population. Several information layers ranging from archival data, remote sensing-based land cover change data and household interviews allowed them to monitor the co-evolution of environmental conditions as well as human and societal management mechanisms in Senegal since the 1950s. The study shows that while climate variability has influenced environmental change in the area, various types of State interventions in agriculture and global market fluctuations appear to have been the main underlying causes of environmental degradation. The complexity of the rural 'system' makes it difficult to discriminate adaptation strategies related to one of these specific stresses, therefore a given adaptation action is likely to be an adjustment to several factors.
Climate change and desertification will have a major impact on the poorest and therefore most vulnerable part of the global population. Predicting future hotspots of hunger in the context of the anticipated climate, social, economic, and bio-physical changes can serve to better plan adaptive measures to combat poverty and food insecurity. A spatially explicit model of current and future hotspots of food insecurity in sub-Saharan Africa is presented by Liu et al. (2008-this issue) . Their approach, valid at a sub-national level, focuses on the assessment of the number of undernourished people and the impact of climate change on crop production for six major crops in subSaharan Africa. The hotspots of future food insecurity are identified in the context of future global changes in population, GDP, and crop production.
Research efforts on climate change and desertification aim to contribute to sustainable living in arid lands and to significantly enhance livelihoods of the local population. A key question in this context is the accessibility of scientific information to the users and decision makers. Seely et al. (2008-this issue) explain the concept of so called 'boundary organizations', which serve as multi-directional communication platforms and facilitators between those who generate the research to those who apply the results, hence ensuring an information loop and feed-back mechanism between these two entities.
According to the Intergovernmental Panel on Climate Change (IPCC), the way land degradation issues are managed and sustainable development pathways are defined is governed by the institutional context in which certain policies are made and implemented. In this context, Spiess (2008-this issue) presents an interesting case study on the Gulf Cooperation Council where she highlights some of the major political and institutional constrains with respect to the definition of these pathways and the handling of climate change and desertification issues.
Challenges and opportunities
Unravelling the tangled syndrome of environmental, human and development issues known as 'desertification' has remained an elusive goal, even though hundreds of publications are being issued on the subject each year (Fig. 1) . Four world-renowned researchers were invited to contribute major presentations at the United Nations Conference on Desertification in 1977. These syntheses were published in book form (UNCOD, 1977) and long remained the scientific basis for research and action. However, the scientific and policy making communities seem to have rapidly diverged after that conference. By the time the United Nations Convention on Desertification (UNCCD) was signed, a Committee on Science and Technology (CST) was established, but that structure never seemed to have the scientific aura or the effectiveness of the Intergovernmental Panel on Climate Change (IPCC), established in 1988 to support the UN Framework Convention on Climate Change. The continuing estrangement of the science and policy in the field of desertification is detrimental to the successful cure of this serious problem.
Major advances in science and technology had taken place over the last few decades, and it will be both appropriate and timely to bring these new capabilities to bear on the development of drylands, in a manner that is both effective for the populations concerned and respectful of the constraints imposed by climate and ecological processes.
One of the key challenges, as far as the scientific community is concerned, remains the difficulty in bridging the gap between natural and social sciences. Few research teams have addressed this issue, though some notable progress has been made. From a conceptual point of view, the recently proposed Drylands Development Paradigm (DDP) (Reynolds et al., 2007) constitutes a useful step towards building an overarching intellectual framework that can integrate contributions from different fields of research. This needs to be both expanded and evaluated to ensure its value and wide applicability. The papers included in this collation will hopefully contribute further to this goal.
New tools, approaches, methodologies, and measurement protocols will be required to support genuine interdisciplinary research. For instance, as pointed out by Lorent et al. (2008-this issue) , social science data may not be geo-located and thus difficult to combine with more traditional geophysical data. The issues of scale also remain problematic, with field measurements and surveys on the ground operating at much finer resolutions than those typical of remote sensing techniques, for example. Well structured, nested typologies may be needed to link results at these different scales.
Computational power and communication technologies have continued to grow at an unabated rate. While these tools have greatly helped the scientific community in its daily activities, little appears to have been done to leverage these advances in terms of local development opportunities, or even to enhance research capacity in emerging countries, or to facilitate a better integration of scientists and organizations in those countries with the most advanced components of the research establishment worldwide. Many participants in the Wengen workshop expressed a strong desire and willingness to have access to better tools, especially if these could be used locally or regionally to address practical problems. Addressing these issues effectively will require much more than just transferring software codes: steps should be taken to strengthen the entire scientific infrastructure, build-up communication networks, transfer knowledge through intensive training programmes, facilitate access to equipment and instruments, etc.
One area of potentially great importance in this respect is the entire field of space applications. Three categories of applications have leveraged systematic access to space platforms: telecommunications, navigation and Earth Observation. In this latter case, the availability of long time series of optical, thermal and microwave observations, globally and at increasingly finer spatial resolutions is most appropriate to conduct research on the past evolution of the environment and societies, and to support current and planned development projects. The effective use of these technologies hinges, however, on the access and mastery of the knowledge, expertise and know-how required to transform raw data into useful information. Remote sensing approaches which may have been appropriate 20 years ago are nowadays wholly inadequate to take advantage of the advanced features and specifications of current or future sensors. The forthcoming GMES-Africa programme, a component of the Joint EU-Africa Strategy 1 , provides a natural framework for further activities in this regard, at least as far as scientists, organizations and nations of that continent are concerned.
Monitoring the state and evolution of the environment in drylands will continue to be a high priority, both to support development programmes and policy planning, as well as to provide the data required to conduct research on the causes and consequences of recent changes, or to estimate likely future changes. This will require substantial new R&D efforts, both to identify more relevant environmental and human variables to measure, and to ensure a more systematic, integrated approach to combine information gathered at different scales and resolutions, eventually with other data that may not even be geo-located (e.g., Verstraete et al., in press).
Next steps
Significant further events and developments will take place in the coming years, and should serve to prompt all partners in this venture to get their act together. The African Union has been developing a long-term strategy of collaboration and co-development with the European Union, in a wide range of sectors including environment and space matters. Specifically, a Global Monitoring for Environment and Security (GMES) programme designed to address African issues has been approved at an AU-EU joint conference in Portugal in 2007. A specific Action Plan should become available by the time of the next summit, expected to take place in late 2009 or early 2010.
The participants in the Wengen Workshop discussed the need to better coordinate the remote and field observations and measurements made of drylands, both for biogeophysical and for social sciences, and suggested the creation of a Global Drylands Observing System (GDOS) to complement the existing Global Climate Observing System (GCOS) and the Global Terrestrial Observing System (GTOS). Such a structure would not duplicate existing systems but ensure a better focus on drylands and in particular address the interdisciplinary issues that have been identified earlier. Such an effort would support the further development of knowledge and expertise on drylands, the understanding of the processes at work, and the practical actions in the field by making available reliable, accurate information. It would also contribute to the practical integration of natural and social sciences, paying much attention to the issue of delivering useful information to all concerned stakeholders.
Decisive efforts need to be undertaken to increase the relevance of scientific research for policy making and in support of development in general. New mechanisms and institutions will be needed to facilitate the communication between these communities, in particular to overcome the difficulties associated with technical jargon and differences in methods. Nevertheless, no substantial progress can be expected in improving the situation of drylands without a more adequate exchange of knowledge and expertise, especially to take advantage of the local knowledge available within the traditions and societies that currently live in drylands.
The scientific community of emerging countries urgently needs to be reinforced and better integrated within the local policy and development processes, as well as with the global research community. This will imply major investments in capacity building and training, but also investments in equipments and infrastructure.
A closer integration of the scientific efforts that are supposed to guide UNCCD with those that support UNFCCC is highly desirable.
While the CST may not need to be structured like the IPCC, its scientific standing and practical relevance should increase significantly.
At the conclusion of the Wengen workshop, the participants adopted a set of recommendations, which are summarized as follows (the original list is available from the workshop report mentioned earlier):
1. The nature and predictability of teleconnections (observed correlations between large scale geophysical processes, for instance between precipitation in the Sahel and sea surface temperature) should be investigated further, with a view to adapting development strategies to use them or taking advantage of them for recovery actions. 2. The data collection, archiving, and distribution infrastructure in countries subject to desertification should be significantly improved. This will require solving both technical (infrastructure, equipment, communications) and institutional problems (loss of data through disasters and war, data access rights), but these steps are essential to support meaningful development policies. 3. While further progress is required in individual disciplines, the greatest advances in understanding and in generating directly exploitable knowledge are expected to result from integrated, interdisciplinary research, particularly when dedicated efforts are made to enhance communications and collaborations between the natural and human sciences. The Dryland Development Paradigm (DDP) constitutes an initial step in this direction. 4. Conceptual and mechanistic integrated models of the climate, environment and human aspects of dryland development, operating over a range of spatial and temporal scales, are important tools to formalize our understanding of the processes involved and to generate future scenarios and projections. These models should be further refined, evaluated, integrated and nested, and special efforts are needed to render some of these tools available and usable by extension officers in the field or by scientists involved with local communities. 5. The specificity and complexity of the issues at hand, and the current severe limitations of data gathering activities, may justify the creation of a Global Drylands Observing System (GDOS) to organize and harmonize data acquisition and analysis in these regions. Such a system would complement existing efforts in the climate area (e.g., the Global Climate Observing System) and coordinate with the Committee on Earth Observation Satellites (CEOS), and should address the following issues, amongst others: a. the identification of a small number of essential variables, describing relevant aspects of the climate, environment and human issues, and most relevant to understand the processes at work, b. the development, validation and deployment of standardized tools and algorithms to generate coherent, homogeneous, global, longterm characterization of the state and evolution of the environment on the basis of remote sensing data in a way suitable for ingestion into models or use in practical applications, and the subsequent reprocessing of entire satellite data archives, c. the standardization of measurement as well as the data exchange protocols, so as to make these observations compatible and comparable, d. the calibration of the sensors and validation of the products through benchmarking, to ensure their reliability and document their accuracy, e. the clarification of data ownership issues, and the promotion of more open access policies for scientific purposes, and f. the improvement of the spatial coverage and temporal continuity of data collection activities, not only in the natural but also in the human sciences. 6. Strenuous additional efforts are needed to promote better two-way communications between the major stakeholders, in particular the scientific, policy making and development communities. This may require establishing 'boundary organizations' to facilitate the interaction and translate jargon and meaning between all concerned stakeholders. These efforts should aim at improving, in particular, the support of the scientific community to the Conference of the Parties (COP) to the UN Convention to Combat Desertification (UNCCD), which should avail itself of a strong advisory body of independent scientists capable of providing the understanding necessary to meaningfully address these issues, as is the case for the UN Framework Convention on Climate Change.
The future of a billion people in drylands whose livelihoods (and often lives) depend on natural resources is at risk from desertification exacerbated by climate change. An integrated approach to the problem which combines social and biophysical viewpoints, and links local knowledge with the scientific endeavour is vital if the world is not to fail these people.
